Patients with delusions exhibit an increased tendency to arrive at decisions based on very limited evidence (jumping-to-conclusions; JTC), making this reasoning bias relevant for the treatment of delusions. Neurocognitive deficits contribute to JTC, but it is not known whether this has any bearing on the clinical syndrome of delusions. We addressed this question by reanalyzing data from an efficacy study of nonpharmacological interventions as adjunctive treatments in schizophrenia. We investigated the longitudinal associations of cognitive functioning, JTC and delusions in patients with psychotic disorders receiving either a metacognitive intervention addressing reasoning biases (n = 59), or cognitive remediation (n = 58). Both interventions improved JTC; in the cognitive remediation group, tentative evidence suggested that better neurocognitive performance contributed to this improvement. However, JTC gains were associated with delusion improvement only in the metacognitive intervention group, suggesting a content-specific mechanism of action.
Introduction
Cognitive theories of delusions postulate that these result from disruptions in the normal mechanisms involved in belief generation and evaluation (Garety et al., 2005; Langdon et al., 2010) , collectively referred to as reasoning biases. The best studied among these so far is the jumping-to-conclusions bias, which is characterized by hasty evidence gathering leading to an increased tendency for people with delusions to arrive at decisions based on very limited evidence .
The jumping-to-conclusions bias has been reliably replicated across several clinical populations with delusions (Fine et al., 2007) , as well as in high-risk subjects and relatives of patients (Broome et al., 2007; Menon et al., 2013; Zawadzki et al., 2012) . Although it is not affected by antipsychotics (Andreou et al., 2013; Menon et al., 2008) , it has been shown to predict antipsychotic medication response (Menon et al., 2008; So et al., 2014) . Critically, jumping-to-conclusions and other reasoning biases are amenable to specific metacognitive interventions, and converging evidence suggests that such interventions lead to improvement of delusional symptoms (Garety et al., 2014; Moritz et al., 2014) . Thus, the association of the jumping-to-conclusions bias with delusions and its relevance for their treatment have received much support.
Cognitive and neuroimaging studies suggest that evidence gathering is dependent on cognitive resources such as attention, working memory and/or executive functions (Broome et al., 2007; Esslinger et al., 2013; Fine et al., 2007; Furl and Averbeck, 2011; Woodward et al., 2009a) . Indeed, patients who displayed a jumping-to-conclusions bias were shown to have a lower working memory capacity than those who did not . Moreover, a recent study reported that patients with higher baseline working memory scores responded better to a brief intervention targeting reasoning biases (i.e., they showed greater improvement in reasoning biases) (Garety et al., 2014) . Accordingly, it has been suggested that interventions directed at improving reasoning biases would benefit from incorporating cognition-enhancing tasks .
On the other hand however, neurocognitive deficits have been very consistently reported to be a relatively stable trait of psychosis, unrelated to positive psychotic symptoms and their fluctuations (Dominguez Mde et al., 2009; Kravariti et al., 2012) . Moreover, although neurocognitive deficits are significantly and durably improved by cognitive remediation interventions, the effects of such interventions on symptoms are small and short-lived (Wykes et al., 2011) . Thus, a direct effect of cognitive remediation training on delusions is at best questionable. Of course, this does not exclude the possibility that cognitive remediation training might act to promote the efficacy of metacognitive interventions, when used in combination with the latter. However, 
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Schizophrenia Research: Cognition j o u r n a l h o m e p a g e : h t t p : / / w w w . s c h i z r e s c o g n i t i o n . c o m / this assumption holds only if it can be shown that (a) changes in neurocognitive capacity, rather than baseline cognitive status, are relevant for improvement of reasoning biases, and that (b) in turn, improvement of reasoning biases can lead to a decrease in delusions. In view of the above considerations, the present study aimed to clarify the associations between neurocognitive functioning, reasoning biases, and delusions, by investigating their longitudinal associations in patients with schizophrenia spectrum disorders undergoing either metacognitive intervention or cognitive remediation training. Because jumping-to-conclusions is the best established delusion-related reasoning bias, often used as a primary outcome in efficacy studies of metacognitive interventions, in the present study we focused on hasty evidence gathering as a representative reasoning bias. We hypothesized that (a) more cautious evidence gathering would be associated with neurocognitive gains following cognitive remediation, but not following metacognitive training; and (b) that more cautious evidence gathering would be associated with reductions in delusion severity in both treatment groups.
Materials and methods
The present study used data collected in the context of a two-center, randomized controlled trial that compared two non-pharmacological interventions as adjunctive treatments in patients with schizophrenia spectrum disorders -a metacognitive intervention addressing reasoning biases (Metacognitive Training, MCT) , and cognitive remediation training focusing on more elementary neurocognitive functions such as attention and memory (CogPack®) (Marker, 2003) . The study was approved by the local ethics committees (Hamburg and Heidelberg), and patients were required to provide their written informed consent prior to participation. Details on the design and results of the original randomized controlled trial can be found in Moritz et al., 2013 . In brief, 150 patients with schizophrenia spectrum disorders and a history of at least one delusional episode were recruited for the study (allocated to MCT n = 76, CogPack n = 74). Inclusion criteria were age 18-64 years, ability to provide written informed consent and sufficient capacity to participate in therapy groups, IQ greater than 70, no current substance dependence, and no history of severe brain damage.
Both interventions were administered in a twice-weekly format over 4 weeks (8 sessions), with the possibility of attending a second 4-week course of the same intervention (parallel version) immediately thereafter. Assessments of psychopathology, cognitive biases and neurocognitive functioning were conducted at baseline, following completion of the core intervention phase (4 weeks) and 6 months thereafter.
Using data from the baseline assessment and the 6-month followup, we investigated how changes in evidence gathering, neurocognitive functioning and delusions were associated to each other, and whether they were differentially affected by the two different interventions. The Fish task, a computerized probabilistic reasoning task similar to the Beads Task , was used to assess evidence gathering; measure of interest was the number of draws to decision, i.e. the number of fish the participant saw before reaching a decision. The Trail Making Test, part B (Reitan and Wolfson, 1985) was used as a broad measure of neurocognitive capacity, because this task depends on a variety of cognitive functions (e.g., visual scanning, attention, processing speed, abstract conceptual processing, cognitive flexibility) (Palmer and Heaton, 2000) . Delusion severity was assessed with the Positive and Negative Syndrome Scale (Kay et al., 1987) ; a "core delusion score" corresponding to the sum of items P1 (delusions), P5 (grandiosity), P6 (suspiciousness) and G9 (unusual thought content) was the variable of interest.
The present analysis considered the per-protocol sample of the original clinical trial by Moritz et al. (2013) . In contrast to the original controlled trial, which focused on clinical outcomes, neurocognitive performance was of primary importance for the current analysis. Therefore, we excluded two patients (both from the CogPack group) with conditions that might have affected neuropsychological test performance (uncorrected visual impairment and epilepsy).
Difference scores were calculated for all measures of interest (baseline minus follow-up score). Because there was significant improvement in delusions, evidence gathering and TMT-B performance in both groups (see Moritz et al., 2013) , we conducted moderation analyses to investigate whether (a) gains in neurocognitive performance were associated with gains in evidence gathering in a similar manner in the two groups, and whether (b) improved evidence gathering was associated with a decrease in delusions in a similar manner in the two intervention groups. It is noted here that 'improved' evidence gathering in this context was defined as an increase in the number of draws to decision. This definition was based on the consistent association of delusions with hasty evidence gathering (see Introduction) and should not be taken to suggest that more cautious evidence gathering is necessarily more optimal in a Bayesian probabilistic reasoning framework (cf. Speechley et al., 2010) .
All analyses were conducted using SPSS 20.0; the PROCESS macro (Hayes, 2012) was used for moderation analyses, as it includes corrections for heteroscedasticity as well as bootstrapping procedures that provide robust estimates of standard errors and significance levels. Because the two intervention groups were matched at baseline on all sociodemographic variables except age (Moritz et al., 2013) , age was included as a covariate in all analyses.
Results
As shown in Table 1 , significant improvement in all measures of interest was noted from baseline to follow-up. As detailed in Moritz et al. (2013) (per-protocol analyses), patients in the MCT group showed significantly greater decline in delusions (p = 0.047) and trend-wise greater improvement in probabilistic reasoning (p = 0.10) than patients in the CogPack group. Gains in neurocognitive functioning over time were not a significant predictor of improved evidence gathering [F(4,113) = 1.424, p = 0.23]. Table 1 Mean scores and standard deviations (SD) for variables of interest at baseline and at the 6-month follow-up for each group separately.
MCT (n = 59)
CogPack® (n = 58) Group (MCT vs. CogPack) did not significantly moderate the relationship between changes in neurocognitive functioning and changes in evidence gathering [interaction term t = 1.354, p = 0.18]. However, there was some evidence indicating differences between the two interventions regarding the effects of neurocognitive capacity on evidence gathering: In the CogPack group, improvements in TMT-B were significantly associated with more cautious evidence gathering (t = 2.124, p = 0.04), whereas this effect was not significant in the MCT group (t = 0.506, p = 0.61) (Fig. 1) . Overall, the effects of changes in evidence gathering on delusion improvement were significant [F(4,116) = 4.665, p = 0.002], and were moderated by group allocation at trend level (interaction term t = 1.902, p = 0.06). As visualized in Fig. 2 , improvement in evidence gathering was significantly associated with delusion decline in the MCT group (t = 3.006, p = 0.003), while this was not the case in the CogPack group (t = 0.630, p = 0.53).
Subsidiary analyses
In the parent controlled trial, participants could flexibly attend up to 16 sessions of the intervention they were allocated to. Patients allocated to the MCT group attended more sessions than those in the CogPack group; moreover, in the MCT group, the number of attended sessions significantly correlated with change in PANSS positive score (Moritz et al., 2013) . Therefore, we repeated moderation analyses including the number of attended sessions as an additional covariate in the models. However, the effect of this variable was not significant (both p N 0.32), and it did not affect the significance level of moderation effects. Moreover, we used the PROCESS macro to investigate whether the number of attended sessions contributed to the observed significant associations (a) between TMT-B score improvement and Fish Task performance changes in the CogPack group, and (b) between changes in evidence gathering and delusion improvement in the MCT group. The results were not significant in either case (Sobel test p N 0.60 in both analyses).
Discussion
The present study investigated longitudinal associations between neurocognitive functioning, evidence gathering and delusions in patients with schizophrenia spectrum disorders, with a special focus on how these associations are affected by two different types of intervention: a metacognitive intervention (which explicitly addresses reasoning biases) and cognitive remediation training (designed to improve neurocognitive abilities such as attention, working memory and executive functioning). By including intervention type as a moderator, we focused on intervention-specific effects, ruling out association patterns that might result from non-specific factors common in both interventions (e.g. practice effects).
When the patient sample was regarded as a whole, changes in neurocognitive functioning were not associated with changes in evidence gathering. However, when the two intervention groups were considered separately, improved cognitive performance did lead to significantly less hasty evidence gathering in the group receiving cognitive remediation training. Although this effect was small, this finding indirectly confirms previous reports associating jumping-to-conclusions in patients with schizophrenia with working memory and executive functioning (Broome et al., 2007; Fine et al., 2007; Garety et al., , 2014 Woodward et al., 2009a) . It also possibly explains why there was no clear superiority of MCT over CogPack® in terms of evidence gathering performance in the original randomized controlled trial (Moritz et al., 2013) . However, this finding should be interpreted with caution, given the small effect size. It may be that the beneficial effect of cognitive remediation on reasoning only applies to patients with marked neurocognitive impairments; further studies are warranted to investigate this possibility.
A very interesting finding was that, although both groups showed improved evidence gathering over time, the latter was associated with a reduction in delusion severity only in the metacognitive training group. Thus, even if improved neurocognitive performance led to more cautious evidence gathering in the CogPack group, this effect did not translate into a decline in delusion severity. A possible explanation for this finding is that neurocognitive deficits are only one of several factors assumed to contribute to the jumping-to-conclusions bias (Fine et al., 2007) , and do not necessarily represent the decisive aspect that links jumping-to-conclusions with delusions. In line with this hypothesis, a recent functional neuroimaging study (Furl and Averbeck, 2011) stressed the ability to estimate the value of continuing to seek evidence (relative to reaching a decision) as a central aspect of evidence gathering performance. The explicit emphasis placed by metacognitive interventions on the advantages of seeking more evidence before making a decision might provide a more appropriate means to modulate this process. This conclusion is consistent with two previous studies that noted a parallel decline of jumping-toconclusions and delusions in patients receiving group cognitivebehavioral therapy (Sanford et al., 2013; Woodward et al., 2009b) , which also places emphasis on appropriate weighing of available evidence. Thus, conscious awareness of metacognitive processes may be the key for improved reasoning to be translated into a decrease in clinical symptoms (delusions).
The present results should not be taken to suggest that cognitive remediation is redundant as an adjunct to metacognitive interventions, as the present study was not designed to directly address this issue. Rather, our findings suggest that changes in reasoning biases following cognitive remediation alone are not sufficient to induce symptom changes, i.e., that an explicit metacognitive element is indispensable for treatment effects to occur. However, this does not exclude the possibility that combination of the two approaches might produce superior treatment effects compared to metacognitive interventions alone. In fact, our findings tentatively suggest that cognitive remediation can lead to more cautious evidence gathering. It is conceivable that this effect may provide an additional advantage in the treatment of delusions, if it can be put into the appropriate (i.e., metacognitive) context.
In summary, two non-pharmacological interventions addressing different aspects of cognition led to differential patterns of association between improvements in neurocognitive functioning, evidence gathering and delusions. Although both interventions reduced the jumping-to-conclusions bias, an association between more cautious evidence gathering and delusion decline could only be observed for MCT, speaking for a content-specific mechanism of action. We propose that explicit imparting of information regarding the consequences of hasty decision-making might be the key to the beneficial effects of metacognitive interventions on delusions.
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